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Abstract

Aims: To investigate variables before sorafenib therapy on the clinical outcomes in hepatocellular
carcinoma (HCC) patients receiving sorafenib and to further assess and compare the predictive
performance of continuous parameters using time-dependent receiver operating characteristics (ROC)
analysis.

Patients and methods: A total of 225 HCC patients were analyzed. We retrospectively examined
factors related to overall survival (OS) and progression free survival (PFS) using univariate and
multivariate analyses. Subsequently, we performed time-dependent ROC analysis of continuous
parameters which were significant in the multivariate analysis in terms of OS and PFS. Total sum of area
under the ROC in all time points (defined as TAAT score) in each case was calculated.

Results: Our cohort included 175 male and 50 female patients (median age, 72 years) and included 158
Child-Pugh A and 67 Child-Pugh B patients. The median OS time was 0.68 years, while the median PFS
time was 0.24 years. On multivariate analysis, gender, body mass index (BMI), Child-Pugh classification,
extrahepatic metastases, tumor burden, aspartate aminotransferase (AST) and alpha-fetoprotein (AFP)
were identified as significant predictors of OS and ECOG-performance status, Child-Pugh classification
and extrahepatic metastases were identified as significant predictors of PFS. Among three continuous
variables (i.e., BMI, AST and AFP), AFP had the highest TAAT score for the entire cohort. In subgroup
analyses, AFP had the highest TAAT score except for Child-Pugh B and female among three continuous
variables.

Conclusion: In continuous variables, AFP could have higher predictive accuracy for survival in HCC
patients undergoing sorafenib therapy.
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Introduction

Hepatocellular carcinoma (HCC) is globally one

of the leading causes of cancer-related deaths, which  have been achieved. [1, 2, 4, 5]

accounts for 5-6% of all new cancers. [1-6] Significant

advances in HCC therapy during the last few decades

However,

unfortunately, a curative treatment for HCC can be
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applied to a limited number of HCC subjects. [5, 7]

Sorafenib is a multi-kinase inhibitory anti-cancer
agent that can effectively suppresses tumor growth
and cancer cell proliferation. [8, 9] Two pivotal
randomized phase III studies presented that subjects
with unresectable HCC receiving sorafenib therapy
were able to obtain survival benefits as compared
with the placebo group with statistical significance. [8,
9] More than half decade have passed after the
introduction of sorafenib for unresectable HCC
therapy in the clinical settings. However, sorafenib is
as yet considered as first-line systemic
chemotherapeutic agent for unresectable HCC. [10,
11] Prognostic factors at baseline associated with
survival in HCC patients undergoing sorafenib
therapy have also been investigated and they include
age, gender, liver function, the Eastern Cooperative
Oncology Group (ECOG)-performance status (PS),
tumor marker and tumor status. [12-21]

Receiver  operating characteristics = (ROC)
analysis is a well-established statistical method and is
frequently used to assess the discriminatory ability of
continuous parameters for a binary disease outcome
such as being alive or dead. However, it should be
noted that disease outcomes are usually
time-dependent. [22] Time-dependent ROC curves
have thus been brought into use to fully evaluate the
prediction ability of clinical parameters for
time-dependent disease outcomes. [22] However,
ROC analysis to evaluate the predictive power of
clinical factors for survival that takes time
dependence into consideration has not been fully
examined in HCC patients undergoing sorafenib
therapy. Again, because disease outcomes are often
time-dependent, time-dependent ROC analysis seems
to be an essential statistical method for the precise
evaluation of continuous variables on outcomes.

The aim of the present study was to investigate
variables before sorafenib therapy on the clinical
outcomes in HCC patients receiving sorafenib.
Additionally, in order to further assess and compare
the predictive performance of continuous parameters,
we created time-dependent ROC curves for censored
data and adopted the area under the ROC curve
(AUROOQC) as the criterion. [22]

Patients and methods

Patients and indications for sorafenib
treatment

Between June 2009 and August 2015, 234 HCC
patients treated with sorafenib were admitted to the
Division of Hepatobiliary and Pancreatic Disease,
Department of Internal Medicine, Hyogo College of
Medicine, Hyogo, Japan and at the Department of

Gastroenterology and Hepatology, Osaka Red Cross
Hospital, Osaka, Japan. We included the following
variables into analysis: age, gender, body mass index
(BMI), cause of liver disease, initial dose of sorafenib,
Child-Pugh classification, ECOG-PS, HCC stage as
defined by Japanese guidelines, laboratory
parameters including platelet count, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), gamma glutamyl
transpeptidase (GGT), alpha-fetoprotein (AFP) and
des-y-carboxy prothrombin (DCP). A total of 225
HCC patients with all these data available were
analyzed in this study. HCC was diagnosed as
described elsewhere. [23-25] Sorafenib therapy was
recommended in patients with unresectable HCCs
and with the following clinical features as determined
by radiologic findings using dynamic computed
tomography (CT): (1) the presence of metastatic
lesions outside the liver; (2) poor response to previous
transcatheter arterial therapies for HCC (transcatheter
arterial chemoembolization [TACE] or transcatheter
arterial  infusion [TAI] chemotherapy); (3)
unsuitability for TACE or TAI due to anatomical
reasons; and (4) vascular invasion such as tumor
thrombus into the portal vein. [23, 24, 26] Subjects
who had poor PS (ECOG-PS =23) were not
recommended for sorafenib therapy. [23, 24]

We retrospectively examined factors related to
overall survival (OS) and progression free survival
(PFS) using univariate and multivariate analyses.
Subsequently, we performed time-dependent ROC
analysis of parameters which were significant in the
multivariate analysis in terms of OS and PFS. Since
this study was a retrospective analysis of patients’
clinical data, all treatments were performed in an
open-label manner. Our study was performed in
accordance with the Declaration of Helsinki and with
approvals from the ethics committees of each hospital
(Hyogo College of Medicine and Osaka Red Cross
Hospital).

Sorafenib therapy

For subjects with no obvious risk factors, the
recommended initial sorafenib dose of 800 mg/day
(400 mg twice a day) was administered. [8, 9] In some
subjects, the starting dose was reduced considering
clinical characteristics such as body weight, age,
ECOG-PS, and liver function. The daily sorafenib
dose according to the degree of adverse events under
sorafenib therapy was adjusted by each attending
physician. For subjects who received an initial
reduced sorafenib dose with well tolerability, dose
escalation was permitted. In cases with adverse
events, sorafenib therapy was stopped until the
clinical symptoms resolved to grade 2 or less. In
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principle, the treatment efficacy of sorafenib was
assessed every 4-8 weeks after the initiation of
therapy according to the modified Response
Evaluation Criteria in Solid Tumors (mRECIST)
and/or the values of tumor markers. [23, 24, 27, 28]
Sorafenib therapy was continued until the
development of the following conditions: HCC
disease progression, unacceptable sorafenib-related
drug toxicities, or the patient’s wish for stopping
treatment. After cessation of sorafenib therapy for any
reason, physicians sufficiently evaluated the clinical
conditions (tumor status or the general status) of each
subject, and evaluated the suitability of other
treatments (transcatheter arterial therapies or
systemic chemotherapy besides sorafenib) with the
purpose of ameliorating clinical outcome. [23-26]

Evaluation of treatment efficacy

The best treatment efficacy achieved during
sorafenib therapy was determined according to the
mRECIST criteria and/or tumor marker levels as
previously indicated. [23, 24, 27] As reported
elsewhere, the treatment efficacy was classified into
the following four categories: (i) complete response
(CR), (ii) partial response (PR), (iii) stable disease (SD),
and (iv) progressive disease (PD). [24, 27] We defined
the objective response rate (ORR) as the proportion of
subjects with the best tumor treatment response rates
considering CR and PR. We defined the disease
control rate (DCR) as the proportion of subjects with
the best tumor treatment response rates considering
CR, PR, and SD.

Statistical analyses

In continuous parameters, we performed ROC
curve analysis of survival (OS and PFS) for selection
of the optimal cutoff value that is associated with
maximal total value of specificity and sensitivity and
we classified them into two groups using these cutoff
points and treated them as categorical covariates.
Kaplan-Meier curves were created and compared by
using the log-rank test. Parameters with P value less
than 0.05 in the univariate analysis were entered into
the multivariate analyses (Cox proportional hazard
model). Furthermore, we analyzed time-dependent
ROC curves of significant predictors for survival
(continuous variables) in the multivariate analysis
and compared between AUROCs for these
parameters in each time point. [22] We also calculated
the Total sum of AUROCs in All Time-points (defined
as TAAT score) in each continuous parameter. TAAT
scores in significant continuous parameters in the
multivariate analysis were also compared. In this
analysis, we regarded a covariate with higher TAAT
score as a covariate with higher predictive power.

OS was defined as the period from the start of
sorafenib therapy until death (due to any cause) or the
last follow-up visit. PFS was defined as the period
from the start of sorafenib therapy until the date of the
confirmation of progression-free disease or death (due
to any cause). [23, 24] Data were presented as number
or median values (range). A P value <0.05 was
considered statistically significant. All statistical
analyses were performed using the JMP 11 software
(SAS Institute Inc., Cary, NC).

Table 1. Baseline characteristics (n=225).

Variables Number or

median value (range)
Age (years) 72 (40-91)
Gender, male / female 175 / 50

Body mass index (kg/m2)

Causes of liver disease

B/ C / non-B and non-C / Band C
Initial dose of sorafenib (mg/day),
800 / 600 / 400 / 200

Child-Pugh classification, A / B
ECOG-performance status

0/1/2

HCC stage, I /11 /1I1 / IVA / IVB
Previous therapies for HCC
Transcatheter arterial therapies, yes / no
Percutaneous ablative therapies, yes / no
Surgical resection, yes / no

Tumor burden >50%, yes / no
Total bilirubin (mg/ dL)

Serum albumin (g/dL)
Prothrombin time (%)

Platelet count (x10¢/mm3)

AST (IU/L)

ALT (IU/L)

ALP (IU/L)

GGT (IU/L)

AFP (ng/mL)

DCP (mAU/mL)

21.615 (14.539-42.192)

32/141/48/ 4
64/1/157/3

158 / 67

191/29/5
1/17/78/44/85

204 / 21

127 / 98

73 / 152

22/ 203

0.8 (0.2-5.1)

3.4 (1.7-4.8)
79.05 (48-116)
11.6 (3.4-56.7)
51 (15-791)

34 (6-380)

403 (124-4535)
72 (14-2172)
141.4 (1.7-688400)
748 (10-421210)

Data are expressed as number or median (range). ECOG; the Eastern Cooperative
Oncology Group, HCC; hepatocellular carcinoma, AST; aspartate
aminotransferase, ALT; alanine aminotransferase, ALP; alkaline phosphatase,
GGT; gamma glutamyl transpeptidase, AFP; alpha-fetoprotein, DCP;
des-y-carboxy prothrombin.

Results

Baseline characteristics

The baseline characteristics of analyzed patients
(n=225) are presented in Table 1. They included 175
male and 50 female patients with a median age of 72
years (range, 40-91 years). In terms of cause of liver
disease, hepatitis C virus (HCV) was in the majority.
They included 158 patients with Child-Pugh class A
and 67 patients with Child-Pugh class B. In 64 (28.4%)
patients, the standard dose of sorafenib (800 mg/day)
was administered at the start of the therapy and 191
patients (84.9%) had ECOG-PS 0. The most common
previous therapies for HCC included the
transcatheter arterial therapies such as TACE or TA],
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followed by percutaneous ablative therapies, and
surgical resection (SR). As for HCC stage, they
included stage Iin 1, stage Il in 17, stage Il in 78, stage
IVA in 44 and stage IVB in 85, respectively.

OS and PFS in the entire cohort

The median follow-up period in this study was
0.62 years (0.03-5.58 years). The median OS time was
0.68 years, while the median PFS time was 0.24 years.
(Fig. 1A and 1B).

Treatment duration, best treatment response,
serious adverse events and causes of death

The median (range) treatment duration was 0.20
years (0.01-2.94 years). In the analysis of the best
tumor response, CR was achieved in 4, PR in 13, SD in
64, and PD in 88, while 56 were not evaluated (NE);
the ORR and DCR were thus calculated to be 7.6%
(17/225) and 36.0% (81/225), respectively. Serious
adverse events of grade 3 or more as defined by
Common Terminology Criteria for Adverse Events
(CTCAE) ver. 3.0 were observed in 87 cases (38.7%).
During the follow-up period, 193 (85.8%) patients
died: 165 due to HCC progression, 7 due to liver
failure, and 21 due to other causes.

Univariate and multivariate analyses of
parameters contributing to OS

The wunivariate analysis identified that the
following variables significantly contributed to OS for
all cases (n=225): gender (P=0.0121); BMI >21.94
kg/m? (P=0.0053); initial dose of sorafenib (P=0.0253);
ECOG-PS (P=0.0048); Child-Pugh classification
(P<0.0001); extrahepatic metastases (P=0.0050); portal
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vein invasion (P=0.0417); tumor burden =250%
(P=0.0002); AST =24 1U/1 (P=0.0141); ALP =299 IU/1
(P=0.0368); GGT =197 1U/1 (P=0.0305); AFP 2456.5
ng/ml (P=0.0002); and DCP =170 mAU/ml (P=0.0004)
(Table 2). The odds ratios (ORs) and 95% confidence
intervals (Cls) as determined by multivariate analysis
for the 13 variables (selected based on a P value <0.05
in univariate analysis) are listed in table 2. On
multivariate analysis, gender (P=0.0024), BMI >21.94
kg/m?2  (P=0.0035), Child-Pugh classification
(P=0.0020), extrahepatic metastases (P=0.0007), tumor
burden =50% (P=0.0003), AST >29 IU/1 (P=0.0134)
and AFP >456.5 ng/ml (P=0.0008) were identified as
significant predictors of OS.

Univariate and multivariate analyses of factors
contributing to PFS

The wunivariate analysis identified that the
following variables significantly contributed to PFS
for all cases (n=225): ECOG-PS (P=0.0023);
Child-Pugh classification (P=0.0297); extrahepatic
metastases  (P=0.0027); portal vein invasion
(P=0.0313); and tumor burden >50% (P=0.0380). The
ORs and 95% Cls determined by multivariate analysis
for the 5 variables (selected based on a P value <0.05
in univariate analysis) are detailed in table 3. On
multivariate  analysis, ECOG-PS  (P=0.0188),
Child-Pugh classification (P=0.0429) and extrahepatic
metastases (P=0.0014) were identified as significant
predictors of PFS. There were no significant
continuous variables linked to PFS in this multivariate
analysis. Thus, we did not perform time-dependent
ROC analysis of PFS.
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Figure 1. (A) Cumulative overall survival rate for the entire cohort. The median OS time was 0.68 years. (B) Cumulative progression free survival rate for the entire
cohort. The median PFS time was 0.24 years. (C) Plots of AUROC:S at 6-month, 1-year and 2-year in BMI, AFP and AST values for all cases (n=225).
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Table 2. Univariate and multivariate analyses of factors contributing to overall survival.

Variables n Univariate Multivariate analysis
analysis Odds ratio (95% CI) P valuea

Gender, male vs. female 175 / 50 0.0121 1.885 (1.245-2.919) 0.0024
Age (years), >67 vs. <67 165 / 60 0.1671

BMI (kg/m?), <21.94 vs. >21.94 120 /105 0.0053 1.563 (1.157-2.105) 0.0035
Initial dose of sorafenib, 800 mg/day / reduced dose of sorafenib 64 / 161 0.0253 1.257 (0.904-1.770) 0.1766
ECOG-PS 0, yes / no 191/ 34 0.0048 0.784 (0.528-1.197) 0.2517
Child-Pugh classification, A / B 158 / 67 <0.0001 0.581 (0.417-0.817) 0.0020
Extrahepatic metastases, yes / no 85/ 140 0.0050 1.742 (1.267-2.387) 0.0007
Portal vein invasion, yes / no 50/ 175 0.0417 1.313 (0.905-1.873) 0.1480
Tumor burden >50%, yes / no 22 /203 0.0002 2.841 (1.647-4.698) 0.0003
AST (IU/1), >29 vs. <29 191/ 34 0.0141 1.778 (1.122-2.947) 0.0134
ALT (IU/1), >54 vs. <54 51/ 174 0.6531

ALP (IU/1), >299 vs. <299 174 / 51 0.0368 1.015 (0.698-1.507) 0.9409
GGT (IU/1), >197 vs. <197 40 / 185 0.0305 1.203 (0.696-1.534) 0.9110
Platelet count (x10¢ / mm3), >16.7 vs. <16.7 59 / 166 0.1057

Serum AFP (ng/ml), >456.5 vs. <456.5 88 /137 0.0002 1.758 (1.269-2.424) 0.0008
DCP (mAU/ml), >170 vs. <170 158 / 67 0.0004 1.098 (0.769-1.587) 0.6109

CI; confidence interval, BMI; body mass index, ECOG-PS; the Eastern Cooperative Oncology Group performance status, AST; aspartate aminotransferase, ALT; alanine
aminotransferase, ALP; alkaline phosphatase, GGT; gamma glutamyl transpeptidase, AFP, alpha-fetoprotein; DCP, des-y-carboxy prothrombin, » Cox proportional hazard

model.

Table 3. Univariate and multivariate analyses of factors contributing to progression free survival.

Variables n Univariate Multivariate analysis
analysis Odds ratio (95% CI) P valuea

Gender, male vs. female 175 / 50 0.3035

Age (years), >60 vs. <60 196 / 29 0.0878

BMI (kg/m?), >22.05 vs. <22.05 101 /124 0.9923

Initial dose of sorafenib, 800 mg/day / reduced dose of sorafenib 64 / 161 0.1030

ECOG-PS 0, yes / no 191 / 34 0.0023 0.614 (0.424-0.919) 0.0188
Child-Pugh classification, A / B 158 / 67 0.0297 0.725 (0.536-0.990) 0.0429
Extrahepatic metastases, yes / no 85/ 140 0.0027 1.611 (1.206-2.141) 0.0014
Portal vein invasion, yes / no 50/ 175 0.0313 1.330 (0.939-1.854) 0.1067
Tumor burden >50%, yes / no 22 /203 0.0380 1.493 (0.921-2.303) 0.1004
AST (IU/1), >28 vs. <28 198 / 27 0.4771

ALT (IU/1), >19 vs. <19 194 / 31 0.5663

ALP (IU/1), >1045 vs. <1045 15/ 210 0.2215

GGT (IU/1), >310 vs. <310 23 /202 0.7722

Platelet count (x10¢ / mm?), >14.4 vs. <14.4 82 /143 0.0756

Serum AFP (ng/ml), >17.5 vs. <17.5 164 / 61 0.3883

DCP (mAU/ml), >3360 vs. <3360 74 / 151 0.1945

CI; confidence interval, BMI; body mass index, ECOG-PS; the Eastern Cooperative Oncology Group performance status, AST; aspartate aminotransferase, ALT; alanine
aminotransferase, ALP; alkaline phosphatase, GGT; gamma glutamyl transpeptidase, AFP, alpha-fetoprotein; DCP, des-y-carboxy prothrombin, # Cox proportional hazard

model.

Time-dependent ROC analysis of BMI, AFP
and AST values for OS in the entire cohort

Plots of AUROCs (at 6-month, 1-year and 2-year)
of BMI, AFP and AST for OS in the entire cohort are
shown in table 4 and fig. 1C. BMI, AFP and AST are
significant continuous parameters in our multivariate
analysis for OS. The AUROCs at 6-month, 1- and
2-year were 0.55693, 0.53517 and 0.63980, respectively,
in BMI, 0.63766, 0.64577 and 0.67266, respectively, in
AFP and 0.62600, 0.58252 and 0.50846, respectively, in
AST. The TAAT score in AFP was the highest among
three continuous parameters (TAAT score=1.95609).

Time-dependent ROC analysis of BMI, AFP
and AST values for OS according to
Child-Pugh classification

In patients with Child-Pugh A (n=158), the

TAAT score in AFP (1.90306) was the highest,
followed by that in BMI (1.75549). (Fig. 2A) In patients
with Child-Pugh B (n=67), the TAAT score in AST
(1.98912) was the highest, followed by that in AFP
(1.78791). (Fig. 2B)

Time-dependent ROC analysis of BMI, AFP
and AST values for OS according to ECOG-PS

In patients with ECOG-PS 0 (n=191), the TAAT
score in AFP (1.86815) was the highest, followed by
that in AST (1.71484). (Fig. 2C) In patients with
ECOG-PS 1 or 2 (n=34), the TAAT score in AFP
(2.26035) was the highest, followed by that in BMI
(2.05597). (Fig. 2D)
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Figure 2. (A and B) Plots of AUROC:s at 6-month, 1-year and 2-year in BMI, AFP and AST values for patients with Child-Pugh A (2A, n=158) and Child-Pugh B (2B,
n=67). (C and D) Plots of AUROC: at 6-month, |-year and 2-year in BMI, AFP and AST values for patients with ECOG-PS 0 (2C, n=191) and ECOG-PS 1| or 2 (2D,

n=34).

Table 4. Time-dependent ROC analysis among three continuous parameters that were significant in the multivariate analysis.

All cases (n=225) 6-month 1-year 2-year TAAT score
BMI 0.55693 0.53517 0.63980 1.73190
AFP 0.63766 0.64577 0.67266 1.95609
AST 0.62600 0.58252 0.50846 1.71698
Child-Pugh A (n=158) 6-month 1-year 2-year TAAT score
BMI 0.57797 0.55342 0.62410 1.75549
AFP 0.59943 0.63283 0.67080 1.90306
AST 0.57323 0.58700 0.53682 1.69705
Child-Pugh B (n=67) 6-month 1-year 2-year TAAT score
BMI 0.45009 0.53676 0.76608 1.75293
AFP 0.65608 0.59967 0.53216 1.78791
AST 0.68512 0.48529 0.81871 1.98912
ECOG-PS 0 (n=191) 6-month 1-year 2-year TAAT score
BMI 0.53084 0.49166 0.61376 1.63626
AFP 0.57988 0.63535 0.65292 1.86815
AST 0.63376 0.57469 0.50639 1.71484
ECOG-PS1 or 2 (n=34) 6-month 1-year 2-year TAAT score
BMI 0.60902 0.65385 0.79310 2.05597
AFP 0.85338 0.64835 0.75862 2.26035
AST 0.68512 0.48529 0.81871 1.98912
Tumor burden <50% (n=203) 6-month 1-year 2-year TAAT score
BMI 0.55116 0.54275 0.64580 1.73971
AFP 0.63387 0.64325 0.68037 1.95749
AST 0.56443 0.55267 0.53042 1.64752
Extrahepatic metastasis, yes (n=85) 6-month 1-year 2-year TAAT score
BMI 0.56316 0.49153 0.47418 1.52887
AFP 0.67685 0.64972 0.70423 2.03080
AST 0.37662 0.42090 0.54460 1.34212
Extrahepatic metastasis, no (n=140) 6-month 1-year 2-year TAAT score
BMI 0.55629 0.54864 0.68067 1.78560
AFP 0.60769 0.63906 0.65523 1.90198
AST 0.64432 0.60034 0.53782 1.78248
Portal vein invasion, yes (n=50) 6-month 1-year 2-year TAAT score
BMI 0.61376 0.68891 0.81220 2.11487
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AFP 0.69136 0.67647 0.82927 2.19710
AST 0.62522 0.53054 0.55122 1.70698
Portal vein invasion, no (n=175) 6-month 1-year 2-year TAAT score
BMI 0.48793 0.50715 0.58850 1.58358
AFP 0.64255 0.63356 0.62431 1.90042
AST 0.62006 0.59724 0.50207 1.71937
Male (n=175) 6-month 1-year 2-year TAAT score
BMI 0.59170 0.54334 0.59903 1.73407
AFP 0.65639 0.67630 0.81380 214649
AST 0.62553 0.57037 0.51968 1.71558
Female (n=50) 6-month 1-year 2-year TAAT score
BMI 0.58225 0.50000 0.71765 1.79990
AFP 0.59740 0.54808 0.52509 1.67057
AST 0.57576 0.62714 0.45882 1.66172

ECOG-PS; the Eastern Cooperative Oncology Group performance status, BMI; body mass index, AFP; alpha-fetoprotein, AST; aspartate aminotransferase. TAAT score

indicates Total sum of AUROCsS in All Time-points.
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Figure 3. (A and B) Plots of AUROC:s at 6-month, 1-year and 2-year in BMI, AFP and AST values for patients with extrahepatic metastases (3A, n=85) and without
extrahepatic metastases (3B, n=140). (C) Plots of AUROC: at 6-month, |-year and 2-year in BMI, AFP and AST values for patients with tumor burden <50% (3C,

n=203).

Time-dependent ROC analysis of BMI, AFP
and AST values for OS according to the tumor
status (extrahepatic metastasis, tumor burden
or portal vein invasion)

In patients with extrahepatic metastasis (n=85),
the TAAT score in AFP (2.03080) was the highest,
followed by that in BMI (1.52887). (Fig. 3A) In patients
without extrahepatic metastasis (n=140), the TAAT
score in AFP (1.90198) was the highest, followed by
that in BMI (1.78560). (Fig. 3B). In patients with tumor
burden <50% (n=203), the TAAT score in AFP
(1.95749) was the highest, followed by that in BMI
(1.73971). (Fig. 3C) Due to the small number of cases
in patients with tumor burden >50% (n=22), we did

not perform time-dependent ROC analysis in this
cohort. In patients with portal vein invasion (n=50),
the TAAT score in AFP (2.19710) was the highest,
followed by that in BMI (1.52887). (Fig. 4A) In patients
without portal vein invasion (n=175), the TAAT score
in AFP (1.90042) was the highest, followed by that in
AST (1.71937). (Fig. 4B).

Time-dependent ROC analysis of BMI, AFP
and AST values for OS according to gender

In male patients (n=175), the TAAT score in AFP
(2.14649) was the highest, followed by that in BMI
(1.73407). (Fig. 4C) In female patients (n=50), the
TAAT score in BMI (1.79990) was the highest,
followed by that in AFP (1.67057). (Fig. 4D)
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Figure 4. (A and B) Plots of AUROC:s at 6-month, 1-year and 2-year in BMI, AFP and AST values for patients with portal vein invasion (4A, n=50) and without portal
vein invasion (4B, n=175). (C and D) Plots of AUROC:s at 6-month, 1-year and 2-year in BMI, AFP and AST values for male patients (4C, n=175) and female patients

(4D, n=50).

Discussion

To the best of our knowledge, there have been no
reports with regard to prognostic investigation for
HCC patients receiving sorafenib therapy using
time-dependent ROC analysis. As mentioned earlier,
it should be highlighted that most clinical continuous
parameters are time-dependent. Investigation using
time-dependent ROC analysis is clinically beneficial.
We therefore conducted this current analysis. The
major advantage of this study is the large number of
enrolled subjects. Our proposed TAAT scoring system
is the novel scoring system. As demonstrated in our
figures, lines with plots of AUROCs in continuous
parameters tended to be crossed. We therefore
adopted this scoring system for assessing the
predictive ability of outcomes. The shorter median OS
time in this study (0.68 years) compared with the
previous report can be explained by the higher
proportion of Child-Pugh B patients in our data
(29.8% [67/225]). [8]

In our time-dependent ROC analyses, AFP had
the highest TAAT score among three continuous
parameters and in many of sub-group analyses,
similar trends were confirmed. These results indicate
that in continuous variables, AFP had the highest
predictive ability for survival in HCC patients
undergoing sorafenib therapy. Because AFP is a well

verified predictive factor in HCC patients receiving
sorafenib therapy, it is not so surprising to obtain
current results. [12-21] However, these have not been
confirmed using time-dependent analysis. In this
regard, we believe that our current results are worth
reporting.

On the other hand, in terms of ORs in BMI, AST
and AFP, AST had the highest OR (1.778) for OS.
However, the TAAT score of AFP was the highest for
the entire cohort. The effect of continuous variables on
clinical outcome should not be determined based on
OR alone. It is also of note that the TAAT score of AFP
was the highest among three significant continuous
parameters irrespective of tumor status (extrahepatic
metastasis or portal vein invasion). These results may
shed some lights on the sorafenib therapy in HCC.

Lower BMI was an adverse predictor in our
results. Previous studies demonstrated that higher
BMI was an adverse predictor in HCC patients
undergoing TACE, while it was a favorable predictor
in HCC patients undergoing SR. [29, 30] On the other
hand, in our previous studies, BMI itself did not affect
prognosis in HCV-related or non-B and non-C HCC
patients undergoing SR. [31, 32] Thus, whether BMI
can affect prognosis in HCC patients remains unclear.
However, higher prevalence of poorer ECOG-PS (PS
>1) in patients with BMI <21.94 kg/m? (19.17%,
[23/120]) as compared with that in patients with BMI
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>21.94 kg/m? (10.48%, [11/105]) may explain our
current results.

In our data, female patients had significantly
longer OS time than male patients and it revealed to
be significant in the multivariate analysis in terms of
OS. Our previous study demonstrated that female
gender was an independent predictor of good
response to sorafenib. [23] This may be associated
with our current results.

We acknowledge several limitations of the
present study. Firstly, this is a retrospective
observational study. Secondly, the initial dose of
sorafenib differed between the patients and the
duration of sorafenib administration in this study is
relatively short, creating bias. Thirdly, various
anticancer therapies were employed after the
cessation of sorafenib therapy, and these therapies
could have potentially caused bias in the clinical
outcomes of the analyzed subjects. Fourthly, our
study population only included Japanese patients
with relatively low body weights compared to
patients in Western countries: whether our results can
be applied to HCC patients with different patient
backgrounds remains unknown. Fifthly, the data of
period from initial HCC diagnosis until death are
missing, also creating bias. Finally, our proposed
TAAT scoring system is not a well-established
statistical method and it should be fully verified in the
future. However, in this study, AFP value was
confirmed to be a highly useful predictor in HCC
patients  receiving sorafenib  therapy  using
time-dependent ROC analysis.

In conclusion, we examined prognostic
parameters in HCC patients treated with sorafenib
using time-dependent ROC analysis. Among
continuous variables, AFP could have the highest
predictive ability for survival.
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